Introduction
============

Lower extremity arteriosclerosis obliterans disease (LEAOD) affects \~17% of individuals aged 55--75 years worldwide, and is characterized by intermittent claudication, rest pain and gangrene caused by lower extremity ischemia ([@b1-mmr-22-02-0886],[@b2-mmr-22-02-0886]). Previous studies have indicated that atherosclerosis is a persistent chronic inflammatory disease ([@b3-mmr-22-02-0886],[@b4-mmr-22-02-0886]). The initial steps of atherosclerosis formation are endothelial damage, followed by platelet aggregation and leukocyte infiltration under the injured endothelial cells. Subsequently, macrophage activation, smooth muscle cell proliferation and migration, and foam cell formation occur, eventually leading to atherosclerosis ([@b5-mmr-22-02-0886],[@b6-mmr-22-02-0886]).

Platelet-derived growth factor-BB (PDGF-BB) serves an important role in the initiation and progression of atherosclerosis ([@b7-mmr-22-02-0886]). The expression of PDGF-BB in vascular smooth muscle cells (VSMCs) is upregulated and activated in injured vessels ([@b7-mmr-22-02-0886]). Previous studies have reported that PDGF-BB can induce a variety of biological effects by increasing the expression of proinflammatory cytokines, such as interleukin (IL)-1β, IL-17A and TNF-α, which can induce the proliferation and migration of VSMCs ([@b8-mmr-22-02-0886],[@b9-mmr-22-02-0886]). Therefore, inhibiting the proliferation and migration of VSMCs caused by PDGF-BB may serve as an important preventative strategy for atherosclerosis.

A number of proteins, including tumor necrosis factor (TNF) superfamily member 11 (TRANCE) ([@b10-mmr-22-02-0886]), IL-6 ([@b11-mmr-22-02-0886]) and transforming growth factor (TGF)-β ([@b12-mmr-22-02-0886],[@b13-mmr-22-02-0886]), serve potentially important roles during the development and progression of atherosclerosis. T-cell immunoglobulin and mucin domain 3 (TIM-3) as a regulatory factor alters the function of a number of different immune cells, including effector/regulatory T cells, macrophages, monocytes and NK cells ([@b14-mmr-22-02-0886],[@b15-mmr-22-02-0886]). Previous studies using immune cell experimental models have identified TIM-3 as an antiatherosclerotic agent during atherosclerosis progression ([@b16-mmr-22-02-0886],[@b17-mmr-22-02-0886]).

However, the regulatory role of TIM-3 on PDGF-BB-induced human artery vascular smooth muscle cell (HASMC) proliferation and migration, and how the pathway is activated remains unclear. In the present study, the effects of TIM-3 on HASMCs and the underlying mechanisms were investigated.

Materials and methods
=====================

### Specimen collection

Serum samples and femoral arterial specimens were collected in at The First Affiliated Hospital of Sun Yat-sen University, China between September 2017 and July 2019. Serum samples were collected from five patients with LEAOD with the mean age of 63.5 years old (four male and one female; age range: 56--75 years old) and five healthy controls with the mean age of 65.5 years old (four male and one female; age range: 52--71 years old). Serum samples of the two groups were also age, sex and ethnicity-matched. Serum samples were stored at −80°C until further analysis. Femoral arterial specimens were collected from five patients with LEAOD with the mean age of 62 years old (three male and two female; age range: 53--73 years old) who had undergone amputations due to severe lower extremity ischemia and gangrene in the vascular surgery department, and normal femoral arterial specimens were collected from five cases without LEAOD with the mean age of 60.5 years old (four male and one female; age range: 50--69 years old) who had undergone amputations due to severe lower limb trauma caused by a traffic accident in the departments of trauma surgery and emergency. Internal and external tissues were removed from the blood vessels during specimen collection. After washing with normal saline, some specimens were immediately frozen in liquid nitrogen and some specimens were fixed in 4°C, 4% formaldehyde until further analysis. Written informed consent was obtained from the participants or their relatives. The present study was approved by the Research Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University.

### Protein arrays

Serum samples were analyzed using the Human Cytokine Antibody Array 440 (cat. no. QAH-CAA-440; RayBiotech, Inc.), according to the manufacturer\'s protocol.

### Cell culture and treatment

HASMCs were isolated from the femoral artery specimens and identified by anti-α-smooth muscle actin antibody staining as previously described ([@b18-mmr-22-02-0886]). HASMCs were cultured in SMCM medium (Sciencell Research Laboratories, Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a 5% CO~2~ humidified incubator. HASMCs from passages 5 to 9 were used for subsequent experiments. When the cell density reached 50--60%, HASMCs were incubated with 20 ng/ml PDGF-BB (R&D Systems, Inc.), TIM-3 (1,000 ng/ml; R&D Systems, Inc.), anti-TIM-3 mAb (10 µg/ml; BioLegend, Inc.) or were only incubated with serum supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C for 48 h. Subsequently, HASMCs were transduced with the LV-TIM-3 lentiviral vector (Genechem Co., Ltd.) according to the manufacturer\'s protocol The empty LV-vector (Genechem Co., Ltd.) was used as the control.

### EdU assay

HASMCs were treated according to the manufacturer\'s protocol (Cell-Light EdU Apollo567 Kit; Guangzhou RiboBio Co., Ltd.). EdU-positive cells were observed using an Axio Observer Z1 fluorescence microscope (Zeiss GmbH) and analyzed using ImageJ version 1.8.0 (National Institutes of Health).

### Transwell and wound-healing assays

For the Transwell assay, Treated HASMCs (1×10^4^ cells/well) resuspended in serum-free SMCM were plated into the upper chambers of the Transwell plates (24 wells; dr=6.5 mm; pore size: 8.0 µm; Corning, Inc.) and the lower chambers were plated in 10% FBS SMCM. After incubation at 37°C for 24 h, migratory cells on the lower surface of the Transwell membranes were fixed using 4% formaldehyde at 25°C for 20 min and washed twice with PBS. Then the membranes were stained with 0.1% crystal violet at 25°C for 15 min.

For the wound-healing assay, at \~90% confluency, a 1,000-µl disposable pipette tip was used to form a straight scratch wound through the treated HASMC cell monolayer. The cell layer was washed with PBS gently and subsequently incubated with serum-free SMCM medium. Images of the wound were captured using a light microscope ×100 magnification (BX51W; Olympus Co., Ltd.) at 0 and 24 h. Cell migration was analyzed using ImageJ Version 1.8.0 (National Institutes of Health).

### Western blot analysis

HASMCs were washed with precooled PBS for three times and subsequently total protein was extracted from HASMCs using RIPA buffer (Thermo Fisher Scientific, Inc.) on ice. Then the protein concentration was quantified by bicinchoninic acid method. Equal amounts of protein (20 µg/lane) were separated by 10--15% SDS-PAGE, and then transferred to PVDF membranes (EMD Millipore). Subsequently, the membranes were blocked with 5% bovine serum albumin (BioFroxx, Inc.) at 22--25°C for 1 h. Then the membranes were incubated overnight at 4°C with primary antibodies targeted against: TIM-3 (1:500; cat. no. 1701-20; Hangzhou HuaAn Biotechnology Co., Ltd.), PDGF-BB (1:500; cat. no. 9704; Abcam), p65 NFκB (1:1,000; cat. no. 8242; Cell Signaling Technology, Inc.), phosphorylated (p)-p65 NFκB (1:1,000; cat. no. 3033; Cell Signaling Technology, Inc.), IL-6 (1:1,000; cat. no. 12153; Cell Signaling Technology, Inc.), TNF-α (1:1,000; cat. no. 8184; Cell Signaling Technology, Inc.) and GAPDH (1:1,000; cat. no. 5174; Cell Signaling Technology, Inc.). Following primary incubation, the membranes were incubated at 22--25°C for 1 h with corresponding rabbit anti-mouse horseradish peroxidase(HRP)-conjugated secondary antibody (1:3,000; cat. no. 58802, Cell Signaling Technology, Inc.) and mouse anti-rabbit HRP-conjugated secondary antibody (1:5,000; cat. no. 93702; Cell Signaling Technology, Inc.). Protein bands were visualized using the Novex ECL kit (Invitrogen; Thermo Fisher Scientific, Inc.). Protein expression was quantified using ImageJ Version 1.8.0 (National Institutes of Health) with GAPDH as the loading control.

### Flow cytometry

Flow cytometry was performed to detect the quantitative proportion of TIM-3-positive HASMCs. Forward scatter (FSC) and side scatter (SSC) were used to find viable, single cell populations. Treated HASMCs were resuspended and labeled with the TIM-3 (D5D5R™) Rabbit mAb (PE Conjugate) (cat. no. 67761, Cell Signaling Technology, Inc.) Unstained HASMCs were used to set the negative control populations. TIM-3-positive cells were then determined from this gated population by flow cytometry using the CyAN™ ADP flow cytometer (Beckman-Coulter, Inc.) and analyzed by FlowJo Version 10.0 (Tree Star, Inc.).

### Immunohistochemistry

Femoral arterial tissues were fixed in 4% polyformaldehyde at 22--25°C for 24 h and then embedded in paraffin. Following deparaffinization, rehydration with a descending alcohol series, 3% hydrogen peroxide was used to block the endogenous peroxidase activity, then the citric acid buffer was used for antigen retrieval at 95°C for 10 min and PBS buffer was used for washing. The sections (4 µm) were incubated at 4°C overnight with anti-TIM-3 (1:100; cat. no. 1701-20; Hangzhou HuaAn Biotechnology Co., Ltd.). Subsequently, the sections were incubated at room temperature for 1 h with goat anti-mouse IgG-PE: (1:200; cat. no. sc-3738; Santa Cruz Biotechnology, Inc.). The sections were counterstained with hematoxylin at 22--25°C for 5 min and observed using a light microscope (BX51W1; Olympus Corporation) at ×400 magnification. The images were analyzed using ImageJ Version 1.8.0 (National Institutes of Health).

### Statistical analysis

Data are presented as the mean ± SEM. The Student\'s t-test was used to compare data containing two groups. One-way ANOVA followed by Tukey\'s post hoc test was used to compare data containing ≥3 groups. Pearson\'s correlation coefficient test was used to analyze the correlation between two indexes. Statistical analyses were performed using SPSS software (version 17.0; SPSS, Inc.). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Microarray comparison of the protein expression profiles in the serum between patients with LEAOD and healthy controls

To further investigate the mechanisms underlying LEAOD, a 440-protein array was used to analyze the differential expression of proteins in the serum of five patients with LEAOD compared with healthy controls. A total of 22 proteins were differentially expressed, 13 proteins were upregulated and 9 proteins were downregulated in the serum of patients with LEAOD compared with healthy controls. The top 10 most highly expressed proteins were TRANCE, TIM-3, CD6, TGF-β, troponin I, IL-1β, P-cadherin, TNF-related apoptosis-inducing ligand receptor-3 (TRAIL R3), TNF factor-like weak inducer of apoptosis receptor (TWEAK) and vascular cell adhesion molecule-1 (VCAM-1) ([Table I](#tI-mmr-22-02-0886){ref-type="table"}).

### Increased expression of TIM-3 in LEAOD arterial tissues

According to the immunohistochemistry results, the tunica media of LEAOD arterial tissues exhibited high levels of TIM-3 positive staining, whereas normal arterial tissues exhibited little TIM-3 positive staining ([Fig. 1A](#f1-mmr-22-02-0886){ref-type="fig"}). The protein array data for TIM-3 were further investigated using western blotting. TIM-3 and PDGF-BB expression levels were significantly higher in LEAOD arterial tissues compared to normal arterial tissues ([Fig. 1B](#f1-mmr-22-02-0886){ref-type="fig"}). A positive correlation between the relative expression PDGF-BB and TIM-3 was also identified ([Fig. 1C](#f1-mmr-22-02-0886){ref-type="fig"}).

### TIM-3 inhibits proliferation and migration in PDGF-BB-stimulated HASMCs

Previous studies have reported that the expression of TIM-3 is upregulated in atherosclerotic patients or animal models ([@b16-mmr-22-02-0886],[@b19-mmr-22-02-0886],[@b20-mmr-22-02-0886]). In the present study, it was demonstrated that the expression of TIM-3 was upregulated in LEAOD arterial tissues ([Fig. 1B](#f1-mmr-22-02-0886){ref-type="fig"}). It is likely that the expression of TIM-3 is upregulated in atherosclerotic VSMCs, due to there are high numbers of VSMCs are in the media of arterial tissues ([@b21-mmr-22-02-0886]). PDGF-BB is a critical factor that promotes the migration and proliferation of VSMCs, which causes atherosclerosis ([@b7-mmr-22-02-0886]). HASMCs were stimulated with various concentrations of PDGF-BB. A dose-dependent relationship was identified between PDGF-BB concentration and TIM-3 expression by HASMCs ([Fig. 2A](#f2-mmr-22-02-0886){ref-type="fig"}). EdU ([Fig. 2B](#f2-mmr-22-02-0886){ref-type="fig"}), Transwell ([Fig. 2C](#f2-mmr-22-02-0886){ref-type="fig"}) and wound healing ([Fig. 2D](#f2-mmr-22-02-0886){ref-type="fig"}) assays were performed to assess HASMC proliferation and migration following stimulation with PDGF-BB (20 ng/ml) in the absence or presence of TIM-3 (1,000 ng/ml) and anti-TIM-3 mAb (10 µg/ml). The proportion of EdU-positive cells was significantly higher in the PDGF-BB group (30.36±3.02%) compared to the control group (12.64±1.71%). Furthermore, the proportion of EdU-positive cells was significantly higher in the PDGF-BB + anti-TIM-3 group (40.54±3.24%) compared to the PDGF-BB group (30.36±3.02%). However, the proportion of EdU-positive cells was significantly reduced in the PDGF-BB + TIM-3 group compared to the PDGF-BB and PDGF-BB + anti-TIM-3 groups, but was not significantly different to the control group ([Fig. 2B](#f2-mmr-22-02-0886){ref-type="fig"}). Treatment with PDGF-BB significantly increased the mean number of migratory cells compared to the control group (69.6±7.4 vs. 26.2±5.6). The PDGF-BB + anti-TIM-3 group exhibited a significantly increased mean number of migratory cells compared to the PDGF-BB group (93.0±5.5 vs. 69.6±7.4). However, the PDGF-BB + TIM-3 group exhibited significantly decreased migratory ability compared to the PDGF-BB and PDGF-BB + anti-TIM-3 groups, and a similar level compared to the control group ([Fig. 2C](#f2-mmr-22-02-0886){ref-type="fig"}). The wound healing assay results were similar to the Transwell assay results ([Fig. 2D](#f2-mmr-22-02-0886){ref-type="fig"}). The results indicated that PDGF-BB promoted the proliferation and migration of HASMCs, TIM-3 inhibited the effect of PDGF-BB on HASMCs, and anti-TIM-3 blocked the effect of TIM-3 to promote the proliferation and migration of HASMCs.

### TIM-3 overexpression inhibits proliferation and migration in PDGF-BB-stimulated HASMCs

To further investigate the functional role of TIM-3, a lentiviral vector (LV-TIM-3) was used to overexpress TIM-3 in HASMCs ([Fig. S1](#SD1-mmr-22-02-0886){ref-type="supplementary-material"}). To determine the effect of TIM-3 on the proliferation and migration of HASMCs, EdU ([Fig. 3A and D](#f3-mmr-22-02-0886){ref-type="fig"}), Transwell ([Fig. 3B and E](#f3-mmr-22-02-0886){ref-type="fig"}) and wound healing ([Fig. 3C and F](#f3-mmr-22-02-0886){ref-type="fig"}) assays were performed. The proportion of EdU-positive cells was significantly lower in the PDGF-BB + LV-TIM-3 group (11.58±3.36%) compared to the PDGF-BB (29.42±3.72%) and the PDGF-BB + Vector (31.18±7.78%) groups, but was not significantly different compared to the control group (10.06±3.18%; [Fig. 3A](#f3-mmr-22-02-0886){ref-type="fig"}). The mean number of migratory cells was significantly reduced in the PDGF-BB + LV-TIM-3 group (22.0±6.2) compared to the PDGF-BB (49.0±9.8) and PDGF-BB + Vector (51.8±6.1) groups, but was also not significantly different compared to the control group (22.4±4.9; [Fig. 3B](#f3-mmr-22-02-0886){ref-type="fig"}). The wound healing assay results were similar to the Transwell assay results ([Fig. 3C](#f3-mmr-22-02-0886){ref-type="fig"}). The results demonstrated that LV-TIM-3-mediated TIM-3 overexpression in HASMCs inhibited proliferation and migration in PDGF-BB-stimulated HASMCs.

### TIM-3 decreases IL-6 and TNF-α expression

TIM-3 is an important inflammatory response regulator ([@b16-mmr-22-02-0886]). To further investigate the role of TIM-3 in atherosclerosis, the expression of proinflammatory cytokines in PDGF-BB-stimulated HASMCs treated with or without LV-TIM-3 was investigated. Western blot analysis indicated that the PDGF-BB group exhibited higher expression levels of IL-6 and TNF-α compared with the control group. TIM-3 overexpression in HASMCs resulted in a significant decrease in IL-6 and TNF-α expression compared to the PDGF-BB group ([Fig. 4A and B](#f4-mmr-22-02-0886){ref-type="fig"}). The results indicated that TIM-3 suppressed PDGF-BB-induced inflammatory responses by decreasing the expression levels of proinflammatory factors.

### TIM-3 protects HASMCs from the PDGF-BB-induced proinflammatory response by inhibiting NF-κB signaling

The NF-κB signaling pathway is important for PDGF-BB-induced VSMC inflammatory factor secretion, which promotes proliferation and migration in VSMCs ([@b22-mmr-22-02-0886]). To further investigate whether the NF-κB signaling pathway was related to TIM-3, the protein expression of members of the signaling pathway were assessed by western blotting in the control, PDGF-BB, PDGF-BB + Vector and PDGF-BB + LV-TIM-3 groups. The expression of TIM-3 and p-p65 NF-κB was significantly increased in the PDGF-BB group compared to the control group, but the total p65 NF-κB levels were not significantly altered ([Fig. 4C](#f4-mmr-22-02-0886){ref-type="fig"}). The results indicated that PDGF-BB treatment increased the expression of p-p65-NF-κB but not total-NF-κB, and activated the NF-κB signaling pathway in HASMCs. Furthermore TIM-3 overexpression reversed the PDGF-BB-induced effects on p65 NF-κB.

Discussion
==========

TIM-3 plays an important role in autoimmune and alloimmune diseases, immune tolerance and tumors ([@b23-mmr-22-02-0886],[@b24-mmr-22-02-0886]). Previous studies have reported that TIM-3 displays an antiatherosclerotic role during the generation and progression of atherosclerosis in traditional immune cells, including mononuclear macrophages, T cells and NK cells ([@b16-mmr-22-02-0886],[@b19-mmr-22-02-0886]); however, few studies have investigated the function of TIM-3 in non-classical immune cells. In the present study, TIM-3 expression was significantly increased in LEAOD arterial tissues compared to normal arterial tissues. The present study revealed that TIM-3 was expressed in HASMCs, which are non-classical immune cells, and was upregulated following PDGF-BB stimulation.

PDGF-BB initiates a number of biological processes by increasing the levels of various proinflammatory factors, including high motility group box 1 protein, IL-1, TNF-α and IL-6, and plays a key role in VSMC proliferation and migration ([@b25-mmr-22-02-0886]). Inhibiting VSMC proliferation and migration is an important therapeutic strategy for atherosclerosis ([@b26-mmr-22-02-0886]--[@b28-mmr-22-02-0886]). TIM-3 displays antiatherosclerotic effects during the development of atherosclerosis in traditional immune cells, but its effect on VSMC proliferation and migration has not been reported ([@b16-mmr-22-02-0886]). In the present study, a positive correlation between the relative expression of PDGF-BB and TIM-3 in tissues was identified. The relationship may be due to the increased expression of PDGF-BB during atherogenesis, followed by the upregulation of inflammatory factors in VSMCs, such as IL-6 and TNF-α. In the present study, VSMCs displayed an adaptive response against inflammation, and the expression of TIM-3, an immune tolerance factor, increased correspondingly.

In the present study, the expression of TIM-3 increased following PDGF-BB stimulation of HASMCs, and TIM-3 reduced PDGF-BB-induced migration and proliferation in HASMCs. Treatment of HASMCs with anti-TIM-3 reversed the effects of TIM-3. Therefore, it was hypothesized that TIM-3 displays increased adaptability to PDGF-BB, negatively regulates the PDGF-BB-induced inflammatory response, and inhibits migration and proliferation in HASMCs.

Subsequently, TIM-3 was overexpressed in HASMCs using LV-TIM-3 to investigate whether TIM-3 was a functional effector in HASMCs. TIM-3 overexpression inhibited proliferation and migration in PDGF-BB-stimulated HASMCs. Qiu *et al* ([@b29-mmr-22-02-0886]) reported that TIM-3 inhibited ox-low density lipoprotein-induced atherogenic responses in HUVECs, which was consistent with the results of the present study, indicating that TIM-3 displays antiatherosclerotic effects.

The 'inflammation theory' and 'injury-response theory' have become mainstream theories for the pathogenesis of atherosclerosis ([@b30-mmr-22-02-0886],[@b31-mmr-22-02-0886]). NF-κB is a transcription factor that is abundantly expressed in human atherosclerotic lesion VSMCs, macrophages and endothelial cells, and is associated with various signaling pathways involved in the inflammatory response, which induce atherosclerosis development ([@b32-mmr-22-02-0886],[@b33-mmr-22-02-0886]). The p50/p65 heterodimer is the most common NF-κB/Rel proto-oncogene complex, which is present in the majority of cells *in vivo*. Increased p65 NF-κB phosphorylation often indicates activation of the NF-κB signaling pathway ([@b34-mmr-22-02-0886],[@b35-mmr-22-02-0886]). In the present study, the proinflammatory factors IL-6 and TNF-α were expressed at high levels in PDGF-BB-stimulated HASMCs alongside increased levels of p65 NF-κB phosphorylation. The results indicated that PDGF-BB stimulation activated the NF-κB signaling pathway and the expression of associated proinflammatory factors in VSMCs. In addition, based on the results of the present study, TIM-3 upregulation may serve as a self-regulatory mechanism of VSMCs against inflammation, but this induction may not be sufficient to counteract the proinflammatory effects of PDGF-BB. TIM-3 overexpression resulted in a significant decrease in the expression levels of proinflammatory factors and p65 NF-κB phosphorylation in HASMCs, which suggested that TIM-3 overexpression inhibited the activation of the NF-κB signaling pathway and exerted an anti-inflammatory effect.

In previous studies, it has been reported that TIM-3 can inhibit the development of atherosclerosis ([@b16-mmr-22-02-0886],[@b17-mmr-22-02-0886],[@b29-mmr-22-02-0886]), which were similar to the results of the present study. Although the antiatherosclerotic effect of TIM-3 in non-classical immune cells was indicated in the present study, the underlying mechanisms were not identified. Therefore, further investigation is required to identify the mediators and factors underlying the results obtained in the present study, and to identify other signaling pathways that may mediate the effects of TIM-3 on HASMC proliferation and migration.

In the present study, protein arrays indicated that TIM-3 was upregulated in the serum of patients with LEAOD. Immunohistochemistry and western blotting of arterial tissue further revealed that TIM-3 expression was increased in LEAOD artery tissue compared with normal artery tissue. Furthermore, to the best of our knowledge, the present study revealed for the first time that TIM-3 inhibited proliferation and migration in PDGF-BB-induced HASMCs by inhibiting HASMC inflammatory responses.

In conclusion, TIM-3 decreased the proliferation and migration of PDGF-BB-induced HASMCs and downregulated the expression of proinflammatory factors by inhibiting the NF-κB signaling pathway. The results suggested that TIM-3 may serve as a protective factor against inflammation and atherogenic responses in HASMCs. Furthermore, TIM-3 may serve as a potential target for the prevention and treatment of atherosclerosis.
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![Differences in TIM-3 expression between LEAOD and normal arterial tissues. (A) Immunohistochemical analysis of TIM-3 expression in LEAOD and normal arterial tissues (magnification, ×400). (B) TIM-2 and PDGF-BB protein expression levels in LEAOD and normal arterial tissues were determined by western blotting and quantification. (C) Correlation between the relative expression of PDGF-BB and TIM-3. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. TIM-3, T-cell immunoglobulin and mucin domain 3; LEAOD, lower extremity arteriosclerosis obliterans disease; PDGF-BB, platelet-derived growth factor-BB.](MMR-22-02-0886-g00){#f1-mmr-22-02-0886}

![TIM-3 inhibits PDGF-BB-induced proliferation and migration in HASMCs. (A) Quantification of flow cytometric analysis of the proportion of TIM-3^+^ PDGF-BB-stimulated HASMCs. \*\*P\<0.01 and \*\*\*P\<0.001 vs. control group (B) EdU, (C) Transwell and (D) wound healing assays were used to assess proliferation and migration in PDGF-BB-stimulated (20 ng/ml) HASMCs in the presence or absence of TIM-3 (1,000 ng/ml) and anti-TIM-3 (10 µg/ml; n=5; scale bar, 100 µm). \*P\<0.05, \*\*P\<0.01. TIM-3, T-cell immunoglobulin and mucin domain 3; PDGF-BB, platelet-derived growth factor-BB; HASMCs, human artery vascular smooth muscle cells.](MMR-22-02-0886-g01){#f2-mmr-22-02-0886}

![Effect of TIM-3 overexpression on proliferation and migration in PDGF-BB-stimulated HASMCs. (A) Proportion of EdU-positive cells. (B) Number of migratory cells. (C) Ratio of wound healing. (D) EdU, (E) Transwell and (F) wound healing assays were performed to assess proliferation and migration in PDGF-BB-stimulated (20 ng/ml) HASMCs in the presence or absence of LV-TIM-3 (n=5; scale bar, 100 µm). \*\*P\<0.01 as indicated. TIM-3, T-cell immunoglobulin and mucin domain 3; PDGF-BB, platelet-derived growth factor-BB; HASMCs, human artery vascular smooth muscle cells; LV, lentivirus.](MMR-22-02-0886-g02){#f3-mmr-22-02-0886}

![IL-6 and TNF-α expression in the four treatment groups and the effect of TIM-3 overexpression on the NF-κB signaling pathway in PDGF-BB-stimulated HASMCs. Protein expression levels of (A) IL-6, (B) TNF-α, (C) TIM-3, p-p65 NF-κB and p65 NF-κB were detected by western blotting. \*P\<0.05, \*\*P\<0.01. IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; TIM-3, T-cell immunoglobulin and mucin domain 3; PDGF-BB, platelet-derived growth factor-BB; HASMCs, human artery vascular smooth muscle cells; p, phosphorylated; LV, lentivirus.](MMR-22-02-0886-g03){#f4-mmr-22-02-0886}

###### 

Top 10 most highly expressed proteins in the serum of patients with lower extremity arteriosclerosis obliterans disease vs. healthy control.

  Rank   Protein      Fold-change   P-value
  ------ ------------ ------------- -------------------------------------------------------
  1      TRANCE       3.12          0.012^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  2      TIM-3        2.38          0.027^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  3      CD6          2.16          0.011^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  4      TGF-β        1.66          0.044^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  5      Troponin I   1.59          0.022^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  6      IL-1β        1.17          0.010^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  7      P-cadherin   1.13          0.011^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  8      TRAIL R3     1.06          0.027^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  9      TWEAK        0.95          0.018^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^
  10     VCAM-1       0.72          0.015^[a](#tfn1-mmr-22-02-0886){ref-type="table-fn"}^

P\<0.05. TNF, tumor necrosis factor; TRANCE, tumor necrosis factor superfamily member 11; TIM-3, T-cell immunoglobulin and mucin domain 3; TGF-β, transforming growth factor-β; IL-1β, interleukin-1β; TRAIL R3, TNF-related apoptosis-inducing ligand receptor-3; TWEAK, TNF-like weak inducer of apoptosis receptor; VCAM-1, vascular cell adhesion molecule-1.
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